Solar-hydrogen system has great potential for contributing to sustainable and clean energy supply. The aim of this study is to clarify the impact of heat transfer media in solar collector such as methane, ammonium, hydrogen, air and water on the performance of solar-hydrogen system. After estimating the highest temperature attainable by each heat transfer media, the amount of thermal energy that could be saved in the production of hydrogen or preheat for power generation by fuel cell was calculated. The power generation performance of fuel cell using each heat transfer media was also investigated. As a result, it has been revealed that the temperature changes of methane, ammonium and air follow the horizontal solar radiation intensity irrespective of seasons, and their highest temperatures are almost the same among them. The temperature response of hydrogen is slower than methane, ammonium and air. This study defines the ratio of saving thermal energy which indicates the effect of solar thermal utilization for production of hydrogen or preheat for power generation by fuel cell without using utility gas. It has been found that the biggest thermal energy saving is obtained when hydrogen and air are used as the heat transfer media. The power generated by PEFC system per effective area of evacuated tube collector in the case of using methane or ammonium is 
Introduction
Renewable energy such as solar thermal energy has great potential to contribute parabolic trough, flat plate and evaluated tube collectors and so on, for utilization of solar thermal energy. Exergy analysis of many types of solar thermal collectors and processes was reported [16] . Heat transfer analysis by numerical model for novel all-glass evacuated tube solar collector manifold header with an inserted tube [17] , evacuated tube solar air collector [18] , façade integrated solar concentrator [19] , metal corrugated packing solar air collector [20] and flat plate solar air collector [21] was conducted to clarify the heat transfer mechanism and the outlet temperature of solar collector. The system integrated with phase change material [22] [23] and adoption of nanofluids into water as heat transfer fluids [24] [25] [26] [27] [28] were adopted to promote the thermal performance of solar collector.
Although the research on solar-hydrogen system using solar collector has been reported well, there is few research to investigate the effect of heat transfer media used in the solar collector on the system performance. In this paper, such effects with methane, ammonium, hydrogen, air and water as the heat transfer 353 Smart Grid and Renewable Energy media were investigated using the meteorological data of the project "PV300"
(period from August, 2013 to July, 2014 [29] ). The evacuated tube collector was considered as the solar collector in this study. After estimating the highest temperature could be attained by each heat transfer media, the amount of saving thermal energy to produce hydrogen was calculated for methane and ammonium. In addition, the amount of saving thermal energy to preheat for power generation by fuel cell was also calculated for hydrogen and air. Water was investigated as a reference media. This study defines the ratio of saving thermal energy (R) which indicates the effect of solar thermal utilization for production of hydrogen or preheat for power generation by fuel cell without using utility gas. Finally, the power generation performance of fuel cell using each heat transfer media was also investigated.
Analysis and Assessment

Heat Transfer Model of Solar Collector
In this study, the commercial evacuated tube collector SOLARIS CPC1518 produced by Terada Tekkosyo [30] has been considered. Figure 1 and Table 1 show schematic drawing and specification, respectively. This evacuated tube collector is suitable for gases and liquids as heat transfermedia.
The temperature of heat transfer media in the evacuated tube collector is calculated by the following equation:
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where Q is thermal heat by solar irradiation (kJ), I is horizontal solar radiation referred by PV300 [29] (kJ/m 
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Where h is heat transfer coefficient (W/(m 2
•K), T air is ambient air temperature referred by PV300 [29] (K), σ is Stefan-Boltzmann constant (= [33] . In this study, the highest u is 5.5 m/s, resulting that the maximum Re is 12,608. In this study, the following assumptions were made: 1) The natural convection of heat transfer media in evacuated glass tube is neglected. Since the temperature rise of heat transfer media is not high, the driving force of natural convection, which is density change of heat transfer media, is thought to be small.
2) There is no temperature distribution of heat transfer media in evacuated glass tube. Since the volume of evacuated glass tube is small which is 2.4 × 10
, it is thought that the temperature distribution of heat transfer media in evacuated glass tube is small. 3) There is no temperature distribution in evacuated glass tube. Since the thickness of evacuated glass tube is small which is 7 mm, it can be thought that the temperature distribution in evacuated glass tube is small.
4) The temperature of evacuated glass tube is the same as the temperature of heat transfer media. As mentioned above, the thickness of evacuated glass tube is small which is 7 mm. Therefore, it can be thought that the temperature of evacuated glass tube equals to the temperature of heat transfer media in evacuated glass tube.
4) The physical properties of heat transfer media are constant, which keep the values at 293 K. Though the physical properties of heat transfer media, i.e., specific heat, considered in this study is changed with temperature, it is small. For example, the specific heats of air at 293 K and 353 K are 1.005 kJ/(kg•K) and 1.010 kJ/(kg•K), respectively [33] . Therefore, it can be thought that the physical properties of heat transfer media keep constant.
5) The pump energy loss for transporting heat transfer media is ignored. If the total energy balance and efficiency in the whole system are evaluated, the pump energy loss for transporting heat transfer media should be considered. However, the aim of this study is to evaluate the ratio of saving thermal energy which indicates the effect of solar thermal utilization for production of hydrogen or preheat for power generation by fuel cell without using utility gas. Then, this study focuses on temperature and required thermal energy of heat transfer media in evacuated glass tube, reactor and preheater for evaluation of saving thermal energy. The consideration of pump energy loss for transporting heat transfer media is the future work in this study.
The initial calculation parameters of numerical calculation are set as follows:
1) T i is 293 K.
2) T air is 293 K.
3) C i at 293 K is used.
4) The physical properties of air surrounding evacuated glass tube at 293 K are used. Table 2 lists the specific heat of heat transfer media and mass of heat transfer media fulfilling the whole evacuated tube collector.
Estimation Procedure of Saving Thermal Energy
In this study, two cases are considered for solar-hydrogen system which are shown in Figure 2 .
As to the first case, methane or ammonium is used as heat transfer media. After preheated in the evacuated tube collector, methane reacting with water (i.e., steam) in the reactor which is reformed into hydrogen, and ammonium is decomposed into hydrogen and nitrogen. Methane reacts with steam at temperature between 873 K and 1273 K, in the presence of a catalyst; e.g., nickel [34] [35] [36] . Therefore, this study considers the methane reforming reactor operated at 1073 K which is kept by a gas combustor. Since the methane is preheated Figure 2 . System flow.
by solar thermal energy, the utility gas can be saved. The amount of heat needed from the utility gas is calculated by the following equation:
where Q′ is the amount of heat needed from room temperature or temperature preheated by evacuated tube collector to the reforming temperature (kJ), T r is reforming temperature (K) and i T ′ is room temperature or temperature of heat transfer media preheated by evacuated tube collector (K). If the Q′ is divided by the lower heating value of methane which is the main component of utility gas of 50.01 MJ/kg, the amount of utility gas needed for attaining the reforming temperature is derived.
In the case of ammonium, the ammonium is decomposed into hydrogen and nitrogen fully at the temperature over 923 K [37] . Therefore, this study considers the ammonium decomposition reactor operated at 923 K which is kept by the combustion of utility gas. The amount of utility gas needed for attaining the decomposition temperature is calculated by Equation (5) and the lower heating value of the utility gas of 50.01MJ/kg.
In the second case, hydrogen and air are used as heat transfer media. After heated in the evacuated tube collector, hydrogen and air are provided for fuel [38] . Therefore, this study considers the PEFC system operated at 353 K which is normally maintained by the hydrogen and air heated by the combustion of utility gas. Since hydrogen and air are preheated by solar thermal energy in our case, the utility gas can be saved. The amount of heat needed from the utility gas is calculated by the following equation:
where Q′′ is the amount of heat needed from room temperature or temperature preheated by evacuated tube collector to operation temperature of PEFC system (kJ) and T f is operation temperature of PEFC system (= 353) (K). If the Q′′ is divided by the lower heating value of the utility gas of 50.01 MJ/kg, the amount of utility gas needed for attaining the operation temperature of PEFC system is derived.
Estimation Procedure of Power Generation by Fuel Cell
It has been assumed that the H 2 would be used to generate power through PEFC system. H 2 is converted into electricity in fuel cell following the reaction below:
where f η is power generation efficiency of latest PEFC stationary system based on lower heating value (= 0.39) [39] , H is lower heating value of H 2 (= 242) (kJ/mol). It is assumed that the energy loss for operating pump to preserve and provide gases is ignored.
Results and Discussion
Impact of Heat Transfer Media on the Temperature out of Solar Collector
As described in earlier section, this study has investigated the performance of evacuated tube collector with various heat transfer media using the meteorological data base of PV300 [29] including air temperature, solar intensity and wind speed at 10 sec intervals. January, April, July and October were selected as the months which are representative of four seasons, respectively. Temperature change of heat transfer media in the evacuated tube collector with time was estimated for the standard day in the month with the mean amount of horizontal solar radiation of the month using the meteorological data base of PV300 [29] .
Figures 3-6 show temperature change of heat transfer media in evacuated tube collector in daytime for January, April, July and October, respectively. Horizontal solar radiation intensity is also shown in these figures. Table 3 
Evaluation of Saving Thermal Energy and Power Generation by Fuel Cell
In the case of using methane or ammonium as heat transfer media, Q′ , the thermal energy from utility gas required, was calculated by Equation (5). When methane is heated from the room temperature of 293 K to the reforming temperature of 1073 K per the mass of methane in an evacuated tube collector, Q′ is 26.81 kJ, which is equivalent to the needed utility gas indicated by M of However, if solar-hydrogen system is used, i.e., the heat transfer media is preheated in solar collector first then heated by the utility gas, the Q' required would be much less. Table 4 lists Q', M and R(%) in the case of using methane or ammonium in solar-hydrogen system. From this table, R of methane for January, April, July and October is 1.67%, 4.10%, 7.05% and 3.46%, respectively. On the other hand, R of ammonium for January, April, July and October is 2.06%, 5.0%, 8.73% and 4.29%, respectively. The reforming or decomposition temperature is too high compared to the temperature preheated by evacuated tube collector, as a result, the Rs in Table 4 are small. Therefore, it is necessary to use concentrating solar collectors if R is to be improved. In the case of using hydrogen and air as heat transfer media, Q′′ was calculated by Equation (6) . When hydrogen is heated from the room temperature of Table 4, Table 5 lists Q′′ , M and R in the case of using hydrogen and air as heat transfer media in the solar-hydrogen system.
From Table 5 , it can be seen that R of hydrogen for January, April, July and October is 6.67%, 33.3%, 56.7% and 30.0%, respectively, while R of air for January, April, July and October is 23.3%, 55.0%, 96.7% and 46.7%, respectively. When using hydrogen and air, the big effect of saving thermal energy was obtained. In summary, the proposed solar-hydrogen system is effective to provide heat to operate PEFC system.
In the case of using methane or ammonium as heat transfer media, the amount of hydrogen produced is calculated by the following equations:
2NH N 3H = + Table 5 . Amount of heat needed from temperature preheated by evacuated tube collector to operation temperature of PEFC system ( Q′′ ), mass of utility gas needed (M) and ratio of saving thermal energy (R) for hydrogen and air.
Hydrogen Air When the conversion ratio is assumed to be 100%, the amount of hydrogen produced from methane and ammonium is 3.787 mol and 2.376 mol, respectively. According to Equation (7), the power generated by PEFC system per effective area of anevacuated tube collector in the case of using methane or ammonium is In the case of using hydrogen and air as heat transfer media, the amount of hydrogen in an evacuated tube collector is 
Conclusions
This study has investigated the performance of solar-hydrogen system when methane, ammonium, hydrogen, air or water is used as heat transfer media in the solar collector. The energy saving ratio of solar-hydrogen system to conventional utility gas heating only system has been calculated for each heat transfer media. The power generation performance of PEFC system has also been evaluated. As a result, the following conclusions have been drawn: 1) When methane, ammonium or air is used as heat transfer media, the temperature inside the collector depends on the horizontal solar radiation intensity strongly irrespective of seasons, and the highest temperature that they can reach are almost the same. The temperature response of hydrogen is slower than methane, ammonium or air namely reaches the peak temperature later during the day. When water is used as heat transfer media, the temperature is lower compared to the other heat transfer media irrespective of seasons. These results can be explained by the specific heat and mass of each heat transfer medium.
2) It has been found that the biggest thermal energy saving is obtained when hydrogen and air are used as the heat transfer media.
3) The power generated by PEFC system per effective area of an evacuated tube collector in the case of using methane or ammonium is A. Nishimura et al.
